Abstract Synbiotics offer potential in the prophylactic management of gastrointestinal disorders. Therefore, present study evaluates the effect of prebiotics (inulin and gum acacia) on Lactocaillus plantarum for developing a freezedried synbiotic product from the selected culture. L. plantarum exhibited the highest specific growth rate (0.23/h) in presence of inulin followed by gum acacia (0.22/h) and glucose (0.22/h). Preparation of the lyophilized synbiotic powder incorporating inulin or gum acacia and using non fat dry milk as base material was standardized. Throughout refrigerated storage for 90 days, viable counts (i. e. 8 to 9 log cfu/g) of the probiotic bacteria in the product remained high, while a considerable reduction in the counts was observed in the product stored at room temperature (25±1°C).
Introduction
Probiotics have established their efficacy as health promoting organisms. These are defined as live microbial cultures, which on ingestion in sufficient numbers provide beneficial effects to consumers beyond basic inherent nutrition. To be selected a probiotic, a culture must undergo various in vitro as well as in vivo tests (Mishra and Prasad 2005; Mishra et al. 2008 ) of which establishment of the organism in gastrointestinal tract is necessary (Sudha et al. 2006 ). There have been continuous efforts in improving the functional performance of probiotics in gastro-intestinal tract using dietary ingredients known as prebiotics. These are non digestible ingredients that beneficially affect the host by selectively stimulating the growth and/or activity of bacteria in colon that can improve host health (Gibson and Roberfroid 1995; Liong 2008; Stoyanova et al. 2010) . Non-digestible carbohydrates, oligo-and poly-saccharides, occur naturally and meet the criteria of prebiotics (Ziemer and Gibson 1998) . Certain non-digestible carbohydrates such as inulin seem authentic prebiotics. A number of other non-digestible oligosaccharides have now been developed of which gum acacia is a potential candidate. Gum acacia has been demonstrated as highly fermentable in vivo both in humans (McLeanRoss et al. 1983 ) and in rats (McLeanRoss et al. 1984) and in vitro using human faecal flora (Bourquin et al. 1993) .
To increase the microbial management in gastrointestinal tract, probiotics and prebiotics are combined to develop synbiotics. Evidences suggest that combination of suitable prebiotics with probiotics enhance the survival and activity of the organism Nagpal et al. 2007 ). The mixture could improve the survival of the probiotic organisms as its specific substrate, prebiotic, is readily available for fermentation. Synbiotic has been found to exert a synergistic effect in reducing colon carcinogenesis compared to when both were used individually (Liong 2008) . As application of probiotic cultures requires processing and subsequent storage, maintaining the viability of cultures is a major challenge. Frozen or dried form, as either freeze-dried or spray-dried powders, is considered suitable mode of delivery for application in food (Holzapfel et al. 2001) due to longer shelf-life along with reductions in the costs of transport and storage and improved culture stability. Freeze drying is considered most convenient method for the production of dried probiotic/synbiotic preparations. The present research has been carried out to develop a freeze-dried synbiotic formula using a selected probiotic culture viz., Lactobacillus plantarum (Dhewa et al. 2010 ) and inulin and gum acacia as prebiotics .
Materials and methods

Bacterial strains
Lactic culture: Lactobacillus plantarum of human faecal origin was procured from Department of Microbiology, Dolphin (PG) Institute of Biomedical and Natural Sciences, Dehradun. The strain was characterized by morphological, physiological, biochemical and sugar utilization pattern tests and the data obtained for genus and species identification were also subjected to software called PIBWin (Bryant 2004) . Lactic cultures were maintained in glycerol stocks at −20°C and sub-cultured in MRS broth when required. The culture was studied for in vitro probiotic parameters such as acid and bile tolerance, cell surface hydrophobicity etc. (Dhewa et al. 2010 ).
Indicator strains: Organisms viz., Escherichia coli MTCC443, Bacillus cereus NCDC240, Enterococcus faecalis MTCC439, Salmonella typhimurium NCDC113 and Staphylococcus aureus MTCC87 procured from National Collection of Dairy Cultures (NCDC), National Dairy Research Institute, Karnal and Microbial Type Culture Collection (MTCC) Chandigarh, were used as indicator organisms for antimicrobial activity. Indicator cultures were stored on nutrient agar slant at refrigeration temperature (4°C ) and routine sub culturing was done. The purity of cultures was tested regularly by Gram staining.
Growth of L. plantarum in presence of prebiotics: Carbohydrate free modified MRS broth containing Bromocresol Purple (30 mg/l) was used as the basal medium to study the utilization pattern of different prebiotics (inulin and gum acacia @ 0.5, 1.0, 3.0 and 5.0%) by L. plantarum. Ten ml of each medium was transferred aseptically in sterile test tubes and tubes were inoculated with active lactobacilli cultures containing approximately 10 10 cfu/ml. Medium containing glucose as sole energy source was taken as control. The inoculated tubes were incubated aerobically at 37°C for 24 h. pH and viable counts of L. plantarum were determined at an interval of 6, 12, 18, 24 h. For viable counts, 1 ml of culture from each tube was taken immediately and serial dilutions were prepared in 0.85% sterile saline. Appropriate dilutions were pour plated in sterile MRS agar. The plates were incubated in inverted position aerobically at 37°C and colonies developed were counted after incubation period. Specific growth rate (μ) and mean doubling time (Td) for lactobacilli grown in inulin and gum acacia were calculated (Kaplan and Hutkins 2003) . Antibacterial Activity of the lactic culture against enteric organisms in the presence of prebiotics: The antimicrobial activity of the L. plantarum grown in modified MRS containing inulin and gum acacia added @ 3% was determined and compared with that grown in modified MRS containing glucose by agar well method. Nutrient agar containing 0.1% Tween-80 was seeded with 100 μL of 24 h old culture of indicator organism (containing approximately 10 8 cells/ml), stirred gently and poured into the plates. These were then allowed to solidify. Wells (6 mm dia) were bored at equal distance on the solidified agar medium in each of those plates. A sterile cylindrical hollow stainless steel gel-cutter (6 mm dia) was used for this purpose. Then holes were filled (except central hole) with 50 μL of the 24 h old culture of L. plantarum grown in modified MRS containing either glucose or inulin and/or gum acacia as the sole carbon source. The central hole filled with sterile distilled water was used as a control. The plates were kept at room temperature until the liquid was absorbed, then incubated at 37°C for 48 h and the diameter (mm) of inhibition zone measured.
Development of a lyophilized synbiotic preparation containing lactobacilli and prebiotics: The freeze dried synbiotic formulation was developed on the basis of the method followed earlier by Collins and Hall (1984) and Crittenden et al. (2006) with suitable modifications. The selected Lactobacillus culture was inoculated into modified MRS broth @ 2% and incubated at 37°C for 48 h under aerobic conditions. The cells were harvested by centrifugation at 14,500 g for 10 min at 4°C, washed once in sterilized distilled water and resuspended at the rate of 10 10 cfu/ml in a sterilized mix containing 5% skim milk powder, 10 and 20% inulin or gum acacia, 8% sucrose and 1.5% gelatin (gelatin was separately sterilized). The mix thus obtained was poured into sterile petri plates and freeze-dried at room temperature; the condenser was cooled to −55°C.
Storage studies of synbiotic product: In order to carry out storage studies, the synbiotic product was aseptically transferred into sterile moisture proof 30 ml glass roll tubes and stored at room (25±1°C) and refrigeration temper-atures (4±1°C). Viability of probiotic organisms was determined on 0, 7, 14, 21, 30, 60 and 90 days of storage. Freeze-dried samples were taken at random. For viable counts, 1 g of synbiotic product was immediately suspended in 9 ml of normal saline (0.85%) and manually homogenized under aseptic conditions. One ml of culture from each tube was taken immediately and serial dilutions were prepared in 0.85% sterile saline. Appropriate dilutions were pour plated in sterile MRS agar. The plates were incubated in inverted position aerobically at 37°C and colonies developed were counted after incubation period.
Statistical analysis
Data obtained were statistically analyzed using the software SPSS 12.0 (SPSS, Inc., Chicago, IL). Paired samples T test was used for normal distribution and differences were considered significant if the P value was <0.05.
Results and discussion
Growth of Lactobacilli cultures in presence of prebiotics
Lactobacillus has complex nutritional requirements which vary markedly from species to species. Incorporation of prebiotics has been proved to improve the viability of probiotics by selectively stimulating their growth and several of the experimental prebiotics, have been shown to be beneficial in favorably modulating the microbial ecology of the gut, protecting against various intestinal pathogens and in some instances, boosting gastrointestinal immunity (Grizard and Barthomeuf 1999) . A primary screening for the growth of the L. plantarum on selected prebiotic substances i.e. inulin and gum acacia revealed successful growth of the organism indicated by development of a yellow color around bacterial spotting.
Effect of inulin and gum acacia on the growth of lactobacilli cultures During present investigation, potential probiotic strain was allowed to grow in different prebiotics (inulin and gum acacia) at different concentrations (0.5, 1.0, 3.0 and 5.0%) for a time period of 0-24 h. Varied results were observed with the prebiotics and the μ and Td for lactobacillus grown in inulin and gum acacia were calculated (Kaplan and Hutkins 2003) .
Data on the effect of different concentrations of prebiotics (inulin and gum acacia) on the specific growth rate L. plantarum are shown in Table 1 . The strain gave promising results as it could utilize the inulin and gum acacia with maximum μ at 3% of concentration for the period of 0-6, 6-12, 12-18 and 18-24 h, respectively. Results indicated that 3% of prebiotic concentration showed maximum growth and activity of L. plantarum though difference with other concentrations was non significant. Figure 1 exhibited that the μ (0.23/h) of L. plantarum was highest in presence of inulin followed by gum acacia (0.22/ h) and glucose (0.22/h). There were several reports (Gibson and Roberfroid 1995; MacBrain and MacFarlane 1997; Hopkins et al. 1998; Kolida et al. 2002) indicating in vitro effect of prebiotic on lactobacilli and bifidobacteria. Gibson and Wang (1994) confirmed the prebiotic effects of inulin and oligofructose in an in vitro study. Kaplan and Hutkins (2000) screened a selection of 28 LAB and bifidobacteria for their ability to ferment inulin and oligofructose on MRS agar. Twelve of 16 Lactobacillus strains and seven of eight Bifidobacterium strains tested were able to ferment the substrate (Kaplan and Hutkins 2000) . Through molecular techniques it was demonstrated that inulin and oligofructose were selectively fermented not only by bifidobacteria but also by lactobacilli (Sghir et al. 1998) . Gum acacia, is traditionally utilised by African and Indian populations (Cherbut et al. 2003) to prevent and treat intestinal disorders. A few reports (Cherbut et al. 2003; Calame et al. 2008 ) indicate that gum acacia is able to selectively raise the proportions of LAB and bifidobacteria in healthy subjects. Therefore, it was considered as a prebiotic dietary fibre (Phillipsa et al. 2006) . There is evidence that gum feeding can not only improve intestinal transit and provide digestive comfort (Cherbut et al. 2003) but also produce less abdominal side effects than FOS (Goetze et al. 2008) . Such traditional health promoting characteristics of dietary fibre have been used and accepted. It is given to lactating mothers in India as part of a special diet and in medical practice used in the treatment of diarrhoea and diabetes (Meance 2004 ). The present investigation confirms that gum acacia can be growth stimulatory (Table 1) . L. plantarum could use inulin and gum acacia as the sole carbon source, suggesting better colonization chances of the organism on consuming together with inulin and gum acacia as a synbiotic.
Antibacterial activity of selected lactobacillus culture in the presence of prebiotics In order to test whether the incorporation of inulin and gum acacia into the growth media has any enhancing effect on the antibacterial activity of the selected culture, a comparison was made between the antibacterial activity exhibited by the culture grown in modified MRS containing either glucose or inulin and gum acacia @ 3% as the sole carbon source. L. plantarum grown in medium containing either inulin and gum acacia or glucose exhibited inhibitory effect against all the tested enteric organisms. The antibacterial activity exhibited by the organism grown in inulin and gum acacia added media was found significant (P<0.05) in gum acacia while non significant in glucose and inulin (P>0.05) ( Table 2 ). In vitro experiments conducted by Oyarzabal and Conner (1995) to evaluate the ability of Bifidobacterium, Lactobacilli and Salmonella species grown in media containing fructooligosaccharides (FOS-50 or FOS pure formulation), as the only carbohydrate source, showed clear inhibition of six Salmonella serotypes (S. california, S. enteritidis, S. heidelberg, S. mission, S. senftenberg and S. typhimurium) grown in media containing the pure formulation of FOS as the only carbohydrate source. Similarly Basavanna and Prapulla (2011) reported inhibition of common pathogens by L. fermentum CFR 2195 grown in media containing FOS. In the present study, inhibition of growth of E. coli, B. cereus, E. faecalis, S. typhimurium and S. aureus by culture supernatants obtained by growing L. plantarum culture in the medium containing inulin and gum acacia as the sole carbon source was observed. Hence, these prebiotics may contribute towards the inhibition of pathogens by the stimulation of growth and the metabolic activity of lactobacilli in the gut.
Development of a lyophilized synbiotic preparation containing lactobacilli and prebiotics and storage studies The freeze dried synbiotic formulation was developed by incorporating the tested probiotic culture and prebiotic compounds. Optimal performance of strains incorporated in a synbiotic product must at first guarantee their potential to survive during freeze drying and retain the viability after a long storage, so as to ensure eventual stabilization of their metabolic activity (Baati et al. 2000) . Therefore, the accomplishment of probiotic food development depends on the maintenance of suitable level of viable cells during Fig. 1 Effect of prebiotics (3%) on the specific growth rate of L. plantarum after 24 h of incubation storage. In order to exert maximum beneficial effects, probiotic cultures must remain viable and active in the product during storage until consumption (Gilliland 1989; Hull et al. 1992) . Storage of the synbiotic powder at room temperature (25±1°C) resulted in marked reduction in the count of L. plantarum, the count decreased by 5 to 6 logs after 90 days of storage (Fig. 2) . This reduction was observed in all prebiotic combinations (20% inulin, 20% gum acacia or 10% inulin+10% gum acacia). However, no significant reduction was observed in the count of L. plantarum in the synbiotic powder of all prebiotic combinations, stored under refrigerated conditions (4±1°C). The count remained in the range of 8 to 9 log cfu/g even after 90 days of refrigerated storage. There were no significant differences among L. plantarum survival during dried storage when synbiotic preparation was in 20% inulin, 20% gum acacia or 10% inulin+10% gum acacia. These observations indicate that a combination (in different concentration) or single incorporation of prebiotics may not affect the survivability of lactobacilli. These findings are similar with that of Carvalho et al. (2004) , who reported no effect of various complex sugars on survival of freeze-dried preparation of L. delbrueckii subsp. bulgaricus during storage at room temperature. It was also reported that non-digestible polyols (prebiotics) had no cryoprotective effect on the survival rate of freezedried form of L. plantarum ATCC 8014 in nonfat skim milk (Graciela et al. 1983) .
It has been recommended that probiotic functional food should contain at least 7 log live microorganisms/g or/ml (FAO/WHO 2001) at the time of consumption for obtaining maximum health benefits to the consumer. Based on the results obtained from the storage study, the developed synbiotic preparation product showed satisfactory count of organisms even after 90 days of storage at refrigeration temperature. These findings are also comparable with an earlier report, in which no significant decrease in viability (10 10 cfu/g) of freeze-dried form of L. acidophilus during storage for 6 months at 4°C was observed (Fazeli et al. 2006) . Maintaining good viability, stability and functionality of probiotics during processing, formulation and storage is essential for delivering the health benefits of these organisms to consumers. Development of synbiotic formulations play a considerable role in this direction.
Optimal performance of strains incorporated in synbiotic product must at first guarantee their potential to survive during freeze drying and retain the viability after a long storage. For that reason, the development of products in which a suitable level of viable probiotic cells are retained for a longer period is one of the key research and development areas for probiotic foods. As prebiotics selectively enhance the multiplication of desirable bacteria, consumption of these substances along with probiotics will greatly help in achieving the desired effect of the health promoting organisms. 
Conclusion
A freeze-dried synbiotic formulation was prepared incorporating L. plantarum and prebiotics using non fat dry milk as base material. The product contained high numbers of viable probiotics even after storage for 90 days at 4±1°C and thus can be of great help in the development of probiotic food.
